Introduction
Pancreatic D N ase I associates with globular muscle actin to form a highly stable and catalytically inactive complex [1] [2] [3] [4] [5] . The biological role of this interaction is still unknown. DNase I is con sidered as one o f the many actin binding proteins with its potential ability of involvement in the reg ulation of actin polymerization, which is so im por tant for many cellular functions, e.g. movements, division, m aintenance of cell shape and secretion [6, 7] , O ur interest has been focussed on the occur rence of DNase I like activities in different cells and tissues and their ability to interact with endo genous actin. In our earlier studies we observed the presence o f latent DNase activity together with a considerable am ount of actin in the liver cytosol of some vertebrate species [8, 9] , We thus suggested, that the D Nase I like enzymes may commonly ap pear in eucaryotic cells in a latent form, as a result o f their interaction with endogenous actin.
The question arises whether one of the many functions of actin in the cell is to control the intra cellular DNase activity towards cellular DNA by forming a natural DNase-actin complex. A natu rally occurring DNase-actin complex has been de m onstrated so far only in the rat pancreatic juice by R ohr and M annherz [10] and in the L 1210 lym phocytes by Malicka-Blaszkiewicz and R oth [11] .
In these studies we present evidence for the ex istence of a DNase I like enzyme in the rat liver and its ability to interact with endogenous actin, as well as with muscle actin. Some preliminary results suggests that natural DNase-actin complex is present also in the rat liver nucleoplasm.
Materials and Methods
Studies were carried out on livers from two m onths old rats, Rattus rattus (W istar strain). The homogenates were filtrated through gauze and centrifuged at 105,000 x g for 1 h. The precipi tate was discarded and the supernatant was used as the cytosolic fraction, which was used imme diately for experiments or frozen at -2 0 °C.
Nuclei were prepared from fresh rat liver using a partially modified m ethod o f Wallace et al. [12] and stored in glycerol suspension at -2 0 °C, not longer than one month.
Nucleoplasm preparation. From the glycerol suspension the nuclei were recovered by centrifu gation at 1500 x g, washed twice with ice cold buffer A and homogenized with three volumes of buffer A, using an electrically driven Potter homogenizer. The homogenates were centrifuged at 16,500 x g for 10 min. The supernatant was taken as the nucleoplasm fraction and used immediately for experiments or frozen at -2 0 °C. Frozen por-tions of the nucleoplasm did not change their ac tivities within one m onth.
Sephadex filtration of nucleoplasm was carried using the conditions described earlier for the isola tion of actin from the cytosol o f leukemia L 1210 lymphocytes [11] . The nucleoplasm was dialyzed against buffer A (without sucrose) for 24 h and ap plied to the column of Sephadex G-150 superfine (1 x 90 cm) equilibrated with the same buffer; the 1.5 ml fractions were collected at a flow rate 3ml/ h. All operations were done at 4 °C.
Ion exchange chrom atography was performed on DEAE cellulose at conditions described by R ohr and M annherz [10] . The nucleoplasm was dialyzed for 24 h against 0.004 m phosphate buffer pH 8.0 and applied to a DEAE-cellulose (DE-52) column (1 x 2 0 cm) equilibrated with the same buffer. The adsorbed proteins were eluted with in creasing concentration of phosphate buffer, pH 8.0 (from 0.0 0 4-0.4 m ); the 1.5 ml fractions were collected at a flow rate 30 ml per hour.
Protein was determined spectrophotom etrically at 280 nm or by the standard Lowry procedure [13] .
DNase activity was measured spectrophoto metrically at pH 7.0 in 40 m M HEPES buffer in the presence of 5 m M MgCl2. A highly polymerized salmon sperm D N A (Calbiochem) was used as substrate according to Malicka-Blaszkiewicz and R oth [14] ,
The actin content was determined by the inhibi tion of added exogenous D Nase I from bovine pancreas (Sigma) in standard D Nase assay condi tions [14] , The concentration o f G-actin was esti mated by DNase I inhibition directly in the crude sample. Total actin (T) content was measured after dilution of the sample with buffer A. F or the ex pression of maximal inhibition a specific dilution has to be found, as we described earlier for leuke mia L 1210 lymphocytes [14] and liver of some vertebrate species [9] , F-actin was calculated by subtracting the am ount of G-actin from total actin (F = T -G ). One unit o f actin inhibitor is the am ount, which decreases the activity of 20 ng of D Nase I by 10%.
SDS-PAGE was performed according to Laemmli [15] on 10% gels at 30 mA per slab using 0.05% SDS in the electrode buffer. Electrophores is under native conditions was carried out as de scribed by Brown et al. [16] .
DNase activity on the slab gels was detected aft er electrophoresis in native and denaturing condi tions essentially as described by Lacks [17] in 40 m M Tris-HCl buffer pH 7.6 with 2 m M MgCL and 2 m M CaCl2. Gels were stained with ethidium bromide and examined under UV light.
Inhibition of DNase activity in the gels by actin was tested as described by Lacks [17] , Chicken and rabbit muscle actin (Sigma) as well as actin puri fied from rat liver nuclei and crude liver cytosol were used.
Results

Actin content and DNase activity
DNase activity, monomeric G actin, total actin and the state of actin polymerization (defined by the ratio of F actin to G actin) were examined in the rat liver cytosol and nucleoplasm.
Both subcellular fractions were found to be a rich source of actin. As shown in Table I actin ap pears in twice higher concentration in nucleo plasm, than in the cytosol, however, there is no dif ference in the state of actin polymerization be Table I tween both subcellular fractions. The monomeric G actin comprises about 4.5% of the total cytosol ic, as well as nucleoplasmic actin.
As we expected on the basis o f our former obser vation [9] , the endogenous hydrolytic activity to wards highly polymerized DNA could not be de tected directly in the test tube assay at pH 7.0 nei ther in the crude liver cytosol, nor nucleoplasm but it appeared in zymograms prepared after electro phoresis o f the crude cytosol ( Fig. 1 Ac and 1 Be) and nucleoplasm (Fig. 1 Bg) . However, detection of DN ase activity in the rat liver cytosol requires a preliminary treatm ent of the sample at pH 3.0, to denature the considerable excess of actin present in this fraction (compare Fig. 1 Ab and c and 1 Bd and e).
Analysis o f the zymograms confirms the pres ence of DNase I like activities in the rat liver cyto sol and nucleoplasm. This DNase resembles the DNase I from bovine pancreas by molecular weight, pH and ion requirements, sensitivity to denaturing reagents, and the ability to form DNA degradative products which diffuse from the poly acrylamide gels (low m olecular weight). However the rat liver cytosol DNase differs from DNase I in the charge of the molecule, as it exhibits different mobility during electrophoresis in native condi tions (see Fig. 1 Aa, c).
The ability o f endogenous liver DNase to inter act with actins from different sources was tested. For this purpose it was necessary to isolate actin from the rat liver. Rat liver nucleoplasm was found to be a good source to purify actin.
Gel filtration o f rat liver nucleoplasm
The nucleoplasm was filtered on Sephadex G-150 superfine in conditions described by M a licka-BIaszkiewicz and R oth [11] . The fractions were analyzed for the presence o f endogenous DNase and inhibition capacity for DNase I from bovine pancreas (actin).
a) Isolation of actin
The inhibitor of DNase I was localized in one peak. The fractions with the highest inhibitory ac tivity (from 53 to 64, Fig. 2 ) were pooled and used as a preparation o f purified nuclear actin. It con tains 13 times more units of DNase I inhibitor per mg of protein than the crude liver nucleoplasm and was shown to be hom ogenous by SDS-PAGE. Its mobility was found to be equal to the mobility of actin from rabbit skeletal muscle (Fig. 2, b and c in insert).
Although gel filtration of the nucleoplasm al lowed the isolation of actin in one step the yield was only 10% of the starting DNase I inhibitory activity. This was probably caused by the loss of the ability o f the purified nuclear actin to inhibit DNase I, most probably due to its denaturation during the purification procedure, even at 4 °C [14] .
b) Latent DNase
No free endogenous DNase activity towards highly polymerized D N A of salmon sperm was found to be present in the collected fractions when using the test tube assay [14] , DNA degrading ac tivity appears however in zymograms (not shown) of aliquots taken from fractions 4 0 -4 5 (Fig. 2), 
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F raction Number which contain proteins of higher m olecular weight than actin (i.e. eluted from the column in front of actin). This, as well as the analysis of the zymo grams of crude nucleoplasm after SDS-PAGE sug gests the presence o f latent DNase activity due to its complexation with an inhibitory protein of higher molecular weight, which might be actin. This complex may dissociate under the conditions of the electrophoretic separation or the actin may denature and allow the DNase activity to appear. 
Ion exchange chromatography
Assuming differences between the m olecular charge of DNase, actin and presumptive DNaseactin complex present in rat liver nucleoplasm ion exchange chrom atography on DEAE cellulose was performed under the conditions described by R ohr and M annherz [10] used for the isolation of actinDNase complex from rat pancreatic juice.
Four protein peaks appear in the elution profile (Fig. 3) , but the DNA degradative activity was de- Fig. 2. a, b, c,  d -fraction 52, 58, 65, 75 tected only in fractions of peak A. The maximum of this activity, when examined directly in the test tube assay, was eluted in fraction 65 of the de scending arm o f the protein peak A (Fig. 3) . How ever, analysis o f the fractions of peak A after SDS-PAGE followed by the zymogram technique, shows that the D Nase activity is highest in fraction 52 o f the ascending arm of peak A (compare Fig. 4c and d) . Silver staining of the fractions from peak A showed that all of them contained a pre dom inant protein band corresponding to standard DNase I (Fig. 3, f in insert) , but only fraction 52 showed an additional protein band corresponding to standard rabbit skeletal muscle actin (Fig. 3, e  in insert) . This suggests that DNase is complexed with actin in this fraction.
The inconsistency between the DNA degrading activity shown in fraction 65 of the activity profile ( Fig. 3) and fraction 52 o f the zymograms results from the fact that after column chromatography only free DNase was determined in the sample while in the zymogram technique total DNase was visualized. Thus, the higher activity on the zymo gram o f fraction 52 is further evidence that some of the DNase is complexed with actin and there fore could not be estimated in the test tube assay conditions. 
Inhibition o f liver DNase by actin
In Fig. 1 and Fig. 4 DNase zymograms of crude liver cytosol, nucleoplasm and fractions a peak A are presented. The gels of Fig. 1 Aa,-c,, Bd,-g, and Fig. 4B were preincubated (before DNase activity was allowed to develop) in buffers containing add ed purified actin from rabbit, bovine and chicken skeletal muscle, or actin isolated from rat liver nu cleoplasm or crude liver cytosol (as a source o f ac tin). The results have been com pared with those for standard DNase I. As can be seen from Fig. 1 A, B and 4 , the endogenous DNase o f crude rat liver cytosol and of the nucleoplasm and the DNase isolated from rat liver nucleoplasm are in hibited on the gels by mam malian and avian skele tal muscle as well as by endogenous liver actin, to the same extend as the control bovine pancreatic DNase I.
Discussion
Previous studies on the DNase-actin interaction have been carried out mostly on the artificial m od el of DNase I from bovine pancreas and actin from rabbit skeletal muscle. There are only a few infor m ations on DNase I like activities occurring in cells other than pancreas and parotid and their ability to interact with endogenous actin [8, 10] .
Lacks [17] examined this activity in different rat organs and tissues and dem onstrated, that high concentrations of DNase I are only present in the secretory glands. He did not show DNase I like ac tivities in the rat pancreas, thymus, spleen brain and liver. In his experiments DNase I like activities present in the rat tissues were not inhibited by rab bit skeletal muscle actin. Therefore the biological meaning of DNase-actin interaction was question able, although it was shown later, that rat parotid DNase I is able to interact with actin [23] , Our studies using the same m ethod (zymogram after SDS-PAGE) for the detection o f DNase ac tivity in crude samples have shown the existence of DNase I like activities in the liver cytosols of a num ber of different vertebrate species [8, 9] , In the rat liver this type o f activity has been shown to be present in the cytosol and in the nucleoplasm. The high am ount of actin present in the liver made it probably difficult to detect this enzyme in experi ments o f Lacks [17] , The use of electrophoresis in the presence o f SDS causes actin denaturation and allows DNase activity to appear (after former en zyme renaturation). But in the case of cytosol of rat liver, additional denaturation of actin was ne cessary, by adjustm ent of the pH of the sample to pH 3, with the preservation of DNase activity.
The DNase I like activity o f rat liver is inhibited by muscle actin and actin isolated from the rat liv er in an identical m anner as DNase I from bovine pancreas. We also observed the ability of porcine and fish liver cytosol DNase to interact with rabbit muscle actin (not published).
The presence of actin in liver cell nuclei has been known for same time [18] [19] [20] , but its functions is less well understood, than that of cytosolic actin. There have been previous reports indicating the presence of DNases in nuclei o f eucaryotic cells, but its subclass and physiological function was not understood [21] , here we corroborate these reports and in addition give evidence for its ability to in teract with actin thus already proving that, the nu clear DNA-degrading activity is due to a DNase I like enzyme.
The results presented here are of qualitative character, but they suggest the possibility o f the existence of a DNase-actin complex occurring n a turally and intracellularly in rat liver and they en courage to perform studies on the possible involve ment of actin on the regulation of the activity of endogenous DNases.
A cknow'ledgemen ts I thank Professor H. G. M annherz, Universität M arburg F.R.G . for reading my m anuscript and his valuable remarks. This project was supported by research grant of Polish Academy o f Science C.P.B.P. 04.01.3.06.
